The relation between the bound states of light double hyper nuclei with mass number 3, 4, 5, 6 and the A-A interaction is analysed by a simple variational method.
Though some theoretical analyses of strangeness S = -2 hyper nuclei had been tried by several authors/) ,2) , 3) no definite examples of such nuclei have not yet been reported. This is, however, one of the most interesting and important problems in the investigation of the properties of hyperons.
There are two possible configurations for the S = -2 hyper nuclei of mass number A:
ZA-.2+A+A, (1) and
ZA-l+EO or (Z+ l)A-l+E-,
where ZA' represents a (core) nucleus of mass number A' and atomic number Z. More generally, we must take into account I-hyperons, which are energetically less favourable than (2) . When these two configurations have the same spin, parity, isospin, etc., they can couple with each other through a strong interaction
However, one may expect that such a coupling IS regarded as relatively weak as compared with N-N, N-E and N-A interadions, because (3) requires at least one-K-meson exchange. Hence our discussion will be restricted to the configuration (1), except for the last section 6. An estimation of the binding energy of the A-particles in the first configuration (1) was reported by Iwao, 2) and his results are considered to be fairly reliable for p-shell nuclei. Nevertheless, s-shell nuclei require a separate discussion, which will be presented here to a certain extent. Information on the A-A interaction is obviously needed for our investigation, but the experiments of the A-A scattering will evidently be rather difficult. Hence we shall try to see the relationship between the binding energies of the A-particles in double hyper nuclei and the A-A force. In particular, we remark here that the analysis of AAHe 6 (I = 0, J = 0+) gives good information on the A-A interaction, if its binding energy is known. The reason is as follows as was emphasized in reference 3):
i) The energy level of sHe 6 is considerably higher than the AAHe 6 level, if we calculate under the postulates of the Global Symmetry theory4) or the Unitary Symmetry theory. 5) Therefore, one may disregard the effects of the configuration mixing between these two configurations.
ii i) The effects of E-configuration are neglected as argued above.
ii) The A-A potential is taken to be a central Yukawa form with range parameter (2m,..) -1 (m,..: n-meson mass), because the most important contribution to the potential would come from two-pion exchange mechanism. iii) The two A-particles are assumed to be in the ISO state and, accordingly, only ISO part of the central A-A potential need be taken into account. iv) To determine the intrinsic range of the He 4 -A potential; we shall use the same procedure as was adopted in reference 3). The effects of the distortion of the core nucleus by the additional A-particle are also taken into account by this method. Though Dalitz and Downs considered two choices ((2m,..) -1 and (mK) -1) for the range of N-A potentials, *) they did not make much difference for the analysis of AAHe 6 • Therefore, we shall consider only the longer-range case, i.e. an intrinsic range 1.4843f corresponding to a Yukawa potential with range parameter (2m,..) -1. A similar analysis can be made for double hyper nuclei with A = 4 and 5, but the results become less reliable. Especially, the treatments of AAH4 are very difficult by reason of the softness of the core nucleus d. Nevertheless, we shall discuss these cases in § 3 and § 4. We found that the bound nuclei AAH 3 and AAn 3 are very unlikely to exist unless there is a very strongly bound A-A state. This is due to the weakness *) Downs 9 ) suggested that agreement with the experimental binding energies of heavier hyper nuclei can probably reached only with the 'longer-range interaction, m K is the K-meson mass.
of the spin independent part of the N~A interactions. Since this is rather senSItive to the range of the N-A interactions, we shall consider in this particular case two possible choices (2m,,) - 6 ) in their analysis of AHB. We take an appropriate trial wave function (4) which was proposed by Wigner8) for three-particle system, where rl and r2 denote the distance of the A-particles from the center of core nucleus He\ and rs is the distance between the two A-particles. (Fig. 1) Then, the variational principle for the bound system IS written as the form The calculation can be carried out easily when g is taken to be an exponential or a Yukawa shape. Figure 2 illustrates the results for a exponential shape. Fig. 2 . Relation between the binding energy B of AAHe 6 and the depth V of the A-A potential-V(exp (-2m",r) ) /2m",r. The form of He 4 -A potential has been taken to be of exponential shape.
*) However, in this system, the compression energy E is only half as much as it should be for actual AHe 5 • **) K was taken to be 280 Mev. 3 ) Then, the compression factor 0* was estimated as 0.075. B*/2 was larger by about 0.2 Mev than the binding energy of A-particle in AHe 5 • ***) When the conditions V = 0 and u era) = 1 are removed, band 0 should alter from b* and 0" . But the core nucleus of He 4 is so hard to deform that such effects may be ignored.
If we take the Global Symmetry model, the A-A potential equals the N-A potential *) and we find V = 86 Mev and B =-15 Mev.
We remark that the original form of g which we have used in the procedure to determine b* and 0* is of Gaussian shape. The first step of the above calculation was to translate the form of g from Gaussian shape into an exponential shape**) for the convenience of variational calculation. If g is taken to be of Gaussian 'shape, the results are, of course, more reliable but the variational calculation is very difficult. However, we can estimate the ratio (B -B*) IV in the special case {3 = 0, V,..., ° and get a relation
where the subscripts -represent the form of g which we used in the calculation.
From this, we get V Gaussian > Vexponential (B> B*) . It is very natural to assume that this relation holds in the general cases. Since g was taken to be of an exponential shape in our variational calculati on, we have underestimated the value of V in this sense. But the numerical value of V is more or less overestimated in the variational calculation because we have used a very simple trial wave function (4)'. Therefore" our method may give a fairly good approximation. In the case of the Isospln doublet AAH 5 ,
we cannot apply the results of the analysis of AH4 to the determination of the properties of the H3_A potential, because the system of the two A-particles is always in ISO state and, accordingly, the spin dependent part of the nucleus-A potential which is considerably effective in the AH4 system vanishes. Hereafter, we write the shape and the depth of the spin independent part of the H3 -A potential as g' and U', respectively.
First of all, we must determine b*, 0* and B* by the same *) Ignoring, of course, the mass difference among baryons and the K-baryon interactions.
**> The results for the Yukawa shape may not be so reliable for the following two reasons.
i) It is inferred that the average He-A potential has no singularity at the origin. ii) In general, the results for the Yukawa potential are considerably different from those for the Gaussian potential. The relation between the upper bound of V and the binding energy B of the A-particles in AAH 5 which is calculated by the same method as in the preceding section is shown in Fig. 3 .
Light Double Hyper lVucleiand A-A Interaction
g' has been taken to be of an exponential shape. In the case where B <2.4 Mev, AAH 5 is unstable against the reaction
If we take the Global Symmetry model, we get B = 6.5 Mev.
As was stated in the introduction, the analysis of AAH4 (I = 0, J = 1 +) is very difficult due to the softness of the core nucleus d. However, it is reasonable to suppose AAH4 as a 'three' body bound state d + A + A when the binding energy B of the A-particles is nearly zero. Therefore, we focus o.ur attention on such a circumstance. But the meaning of the d-A potential is so obscure in this case that the detailed analysis such as of compression energy E in § 2 and § 3 is probably not meaningful. Consequently, the quantity E will not be taken into account in this section. For simplicity, we assume the form of the d-A potential to be a Yukawa shape (case A) or an exponential shape (case B).
The volume integral of the d-A potential is taken to be U 4 /2 for the same reason as in the AAH 5 case but reasonable evaluation of the intrinsic range b is rather difficult. In the case of AH 3 , b can be determined from U 2 ***) and the binding energy of the A-particle :r) b=2.24f (case A), 2.17f (case B).tt) We simply take these values to apply to the case of AAH4. By the use of an inequality similar to (5) and the trial wave function (4) I, one can calculate a rough upper bound of V: V = 128 Mev (case A), 126 Mev (case B), but these are considerably overestimated values. The well-depth parameter s of V is given by a ratio V IV st , where V st represents a value of V which gives zero binding energy for A-A system. If V st is calculated by the same procedure as we have used in the evaluation of V (see, Appendix I), the ratio V IV st may be more *) K and the radius of triton were assumed to be 60 Mev and 1.38 f, respectively.3) **) The intrinsic range of N-A interaction is taken to be 1.4843 f in this section. ***) See ) , where R Ao represents the radius of (AA) which gives s= 1 in Eq. (7). We remark that the special case RA = 0 corresponds to Nishijima's theorem.Il) ***) To avoid the overestimation of the compression factor, we have calculated the radius of free deuteron from Dalitz's wave function. 7 ) t) As far as this calculation is concerned, the shape of the A-A potential has been taken to be of a Gaussian shape.
of the binding energy of (AA) to allow bound AAH
The results are shown in Table 1 . Following Dalitz and Downs,3) two possibilities have been examined to the range of N-A interactions: an intrinsic range 0.8411f corresponding to a Yukawa potential with range parameter mK -1 and an intrinsic range 1.4843 f which had been used in § 2, § 3 and § 4. To study the circumstances more deeply, we shall calculate this B AO by the use of an inequality similar to (5) and the trial wave function (4) '. Evidently, any consideration about the structure of the core nucleus is not necessary in this case. For simplicity, we take a Yukawa potential with range parameter (2A) - 
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The shaded region represents the result obtained by Dalitz and Downs for U.
The right side of (8) is about 19 % larger in f30 = 00 than the correct value. Finally, we shall discuss about the correlation between the 2A-configuration (1) and the corresponding E-configuration (2).
If they have the same spin, parity, isospin, etc., and their energy levels are close, a fairly large configuration mixing between them through the interaction (3) is expected. This would be of particular interest because such a configuration mixing has an important effect upon the total decay rate in general. To analyze.this, information on N-E interactions is obviously needed but,unfortunately, there is no available data at present. One can take some models such as the Global Symmetry model or the Octet Symmetry model as a guidance for this purpose. We remark that the results depend on whether we take the Global Symmetry model or the Octet Symmetry model. In these models, a detailed analysis using new resonances p, wo, 1/, etc., can be made if the following condition (9) is satisfied: (9) From the analysis in § 3, B CARD) is estimated to be 6. (9) is not satisfied. However, as the analysis is considerably rough and not so reliable, this difference of the results can still be consistent with the Global Symmetry model. It can be said at least that the energy levels of these two configurations are very close in the Global Symmetry model and a strong coupling between these states can occur.
ii) A=4
Since the core nuclei of the B-configurations are an isospin doublet H 
where p (r) represents the density distribution of a nucleon in the core nucleus. r', 6' and r, 6 denote the isospin, spin matrices of core nucleus and E-particle, respectively. f is the pseudovector pion-baryon coupling constant. Since this becomes a very strong attractive force only lin I = 0, J = ° state (notation: aH4J=o), it is inferred that this state gives the lowest energy level. This may be justified for the reason that this state corresponds to He 4 which is very stable indeed. However, there seems to be no bound 2A-configuration which can couple with sH (11) where BT represents the total binding energy. When we take the trial wave (12) where 1Vls denotes the mass of E-particle and T is the average kinetic energy of a nucleon in He 4 •
T is estimated to be ,...,., 13 Mev by the use of the Gaussian trial wave function 13 ) and we get BT (sH 4 J =o) >32 Mev. Since the existence of AAH4 is unlikely as we argued in § 4, we may take B (AAH4) to be zero.
Then, inequality (11) is likely to be satisfied. The real situation can, of course, be quite delicate.
Thus, the E-configuration is probably rather stable in the above two Cqses in spite of the relatively large mass difference between N-E and A-A systems (26 Mev). This is due to the large difference of the binding energies of the core nuclei. Therefore, such a circumstance cannot be expected . to occur in general. 
and B A is B AO In this case.
